Many studies have highlighted the potential of oxytocin (OT) to enhance facial affect recognition in healthy humans. However, inconsistencies have emerged with regard to the influence of OT on the recognition of specific emotional expressions (happy, angry, fear, surprise, disgust, and sadness). In this study, we conducted a meta-analysis of seven studies comprising 381 research participants (71 females) examining responses to the basic emotion types to assess whether OT enhances the recognition of emotion from human faces and whether this was influenced by the emotion expression and exposure time of the face. Results showed that intranasal OT administration enhances emotion recognition of faces overall, with a Hedges g effect size of 0.29. When analysis was restricted to facial expression types, significant effects of OT on recognition accuracy were specifically found for the recognition of happy and fear faces. We also found that effect sizes increased to moderate when exposure time of the photograph was restricted to early phase recognition (o300 ms) for happy and angry faces, or later phase recognition for fear faces (4300 ms). The results of the meta-analysis further suggest that OT has potential as a treatment to improve the recognition of emotion in faces, allowing individuals to improve their insight into the intentions, desires, and mental states of others.
INTRODUCTION
Emotion recognition is a universal and central component of social cognition that provides the capacity to understand the intentions, feelings, and reactions of others (Elfenbein and Ambady, 2002) . The initial experiments of Ekman et al (1969) revealed the capacity for even the most isolated tribes of New Guinea to understand the basic emotions of Western faces. Proficiency in recognizing emotions has been linked to altruistic helping behavior (Marsh et al, 2007) , higher relationship quality, and a lowered rate of depression (Carton et al, 1999) . Deficits in emotion recognition have also been associated with increased social anxiety, social avoidance, distress, depression, antisocial behaviors, and psychopathy (Mcclure and Nowicki, 2001 ). There is also growing awareness that social cognition is a unique and important neurocognitive domain for human social function (Shultz and Dunbar, 2012) . Social cognitive deficits, including emotion recognition, predict social function in both early psychosis and autism above other tests of neurocognition (Bertrand et al, 2007; Losh et al., 2009) . Thus, enhancement of the ability to recognize emotion in faces has the potential to improve social functioning in healthy humans and across clinical disorders.
Oxytocin (OT), a neuropeptide secreted from the posterior pituitary, has a critical role in mammalian social behavior (Macdonald and Macdonald, 2010) . In healthy humans, the impact of OT on social cognition has been evaluated using a single dose of intranasal OT, typically given 30-45 min before the experimental task (see Guastella and Macleod (2012) for a review). Although many studies report that OT improves the perception of happy faces (Marsh et al, 2010; Schulze et al, 2011) , others report that OT improves the recognition of angry, sad, or fear emotions in faces (Fischer-Shofty et al, 2010; Ellenbogen et al, 2012; Lischke et al, 2012) . We have previously argued that different methodologies, or samples assessed may contribute to such inconsistent findings (Guastella and Macleod, 2012) . For example, recognition performance for faces that are easier to read, such as happy faces (Hess et al, 1997) , may be at ceiling levels in experiments that use longer exposure intervals (FischerShofty et al, 2010) .
A recent meta-analysis performed by Van IJzendoorn and Bakermans-Kranenburg (2012) revealed that OT significantly increased individual's response to facial expressions of emotion and in-group trust. However, their focus was very broad; their meta-analysis included studies on neuroanatomical measures, such as amygdala activation (eg, Domes et al, 2007) , measures of trustworthiness and attractiveness (Theodoridou et al, 2009) , and behavioral key presses in response to online social contingency (eg, Alvares et al, 2010) . Outcomes from these studies were combined with more traditional assessments of facial recognition accuracy to produce the overall effect size of d ¼ 0.21. This study also did not investigate whether OT differentially impacted the ability to detect specific expressions in faces or other aspects of the experimental design. Thus, the overall effect of OT on the capacity to recognize emotion in faces remains unclear and further research is required to understand factors that may moderate any effect.
The present meta-analysis focuses only on recognition accuracy of full-face, basic expressions of emotion. Here, we focus on studies that recruited healthy controls, and excluded studies on patient populations to avoid biasing results as many clinical conditions display specific deficits in emotion recognition (Marsh and Blair, 2008) . Our aim was to determine whether OT improved the accuracy of emotion recognition from faces, and whether this effect was influenced by emotion expression of the face stimuli (happy, sad, angry, fearful, surprised, and disgusted) and exposure time (short o300 ms; long 4300 ms). Our central hypothesis was that OT would enhance the recognition of emotions overall. We further expected that emotion expressions that are easier to read, such as happy and angry faces, would show effects of OT enhancement at earlier rather than later exposure intervals, where ceiling effects may be more common (Hess et al, 1997; Leppänen and Hietanen, 2004; Fox et al, 2000) .
MATERIALS AND METHODS

Criteria for Considering Studies for this Review
All randomized controlled trials of intranasal OT administration vs placebo were included (study n ¼ 7). All studies examined perception or response in the form of overt choices in the recognition accuracy of both positive and negative emotional stimulus. This allowed us to compare dependent measures across categories of different expression types.
Inclusion and Exclusion Criteria
Participants included in this review were healthy controls. While many studies have examined individuals with psychopathology, such as autism, schizophrenia, and frontotemporal dementia Goldman et al, 2011; Jesso et al., 2011) , the confounding effects of psychopathology were avoided in this study to draw more specific conclusions on the impact of OT on the recognition of differential expressions of facial emotion in healthy controls. Further, papers that used photographs of regions of the face rather than full-face images were not included to avoid confounding results with region presented (eg, Fischer-Shofty et al, 2010) .
Types of Intervention
All doses of OT were administered intranasally; the most common dosage was 24 International Units (IU), with six of the seven studies administering OT at this dosage, and one study administering 40 IU (Leknes et al, 2012) . Twenty-four International Units is the most common dosage because of historical reasons; however, it is unclear whether other more optimal doses exist or whether someone who does not respond to lower doses will respond to higher ones (see Guastella et al, 2013) with respect to the latest recommendations relating to nasal spray administration).
Primary Outcome Measures
Observable behavioral responses such as recognition accuracy or reaction time are the only scientifically acceptable method of evaluating the veracity of cognitive models (Guastella and Macleod, 2012) . In this regard, recognition accuracy was chosen as the primary outcome measure for the present meta-analysis; there was insufficient data available to conduct an analysis on reaction time data. Further, we chose not to combine these different dependent measures as speed of responding will confound accuracy of responding, leading to less meaningful results. Statistics pertaining to intensity thresholds for recognition were also avoided to prevent confounding results.
Recognition accuracy involves identifying specific facial expressions of emotion such as happy, angry, sad, and so on (Marsh et al, 2010; Schulze et al, 2011) . Only full-faced photographs from validated databases of emotional expressions were included in the meta-analysis to standardize the task. Satisfactory reporting of statistics (eg, mean, SD, p-, t-, r-, or F-value, etc) in text or in tables was required for inclusion of a study. The threshold between conscious and nonconscious perception was set at 300 ms on the basis of previous literature (Del Cul et al, 2007) .
Search Methods for Identification of Studies
Initial search. The search strategy followed guidelines outlined in the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (Moher et al, 2009) , previously the QUality Of Reporting Of Meta-analyses (QUORUM) (Moher et al, 2000) statement.
Electronic databases including PsycINFO, PubMed/MED-LINE, and EMBASE were searched using combinations of the following: oxytocin, emotion, affect, face, and facial as per earlier meta-analyses focusing on different, although related research questions (Marsh and Blair, 2008 . In addition to these electronic searches, each report's citation list was examined for additional studies.
Reference lists of relevant review papers identified in the literature search were also examined.
Data collection. The search strategy involved screening titles and abstracts for duplicates and identifying ineligible studies. Using full copies of the papers, two researchers (SS and JK) independently assessed whether studies met the inclusion criteria, and disagreements were resolved through discussion. Relevant statistics were then extracted from the eligible studies and included in the meta-analysis.
Aspects relating to study quality were assessed, including the extent of blinding, whether groups were randomized and whether the number of participants in the placebo and control conditions was comparable. This information is presented in a table describing features of the included studies (see Table 1 ).
Study Characteristics. Seven articles met our inclusion criteria from a total of 2683 studies (see Figure 1 outlining the number of papers included and excluded at each stage of the meta-analysis). These included seven independent studies comprising 381 research participants (71 females). The average number of participants per study was 54; two studies used The Pictures of Facial Affect Database (Ekman and Friesen, 1976) , three used images from the Karolinska Directed Emotional Faces (Calvo and Lundqvist, 2008) series, another used the Dynamic Affect Recognition Evaluation (DARE) from the Cohn-Kanade database, and the remaining study using another validated stimulus set, the FACES database containing facial expressions of younger, middle-aged, and older women and men (Ebner et al, 2010) .
Statistical Analyses
The Comprehensive Meta-Analysis (Borenstein et al, 2005) program was used to transform results of individual studies into the common metric of Hedges g. Hedges g is a measure of the standardized difference between intervention and control condition that corrects for biases associated with small sample sizes and can be interpreted in the same way as Cohen's d; 0.2 represents a small effect, 0.5 a medium effect, and 0.8 a large effect.
Heterogeneity across studies was assessed using the Q-statistic (Borenstein et al, 2009) . A significant Q-statistic indicates dissimilar effect sizes across studies, indicating potential differences in methodology or study population across studies.
To determine whether any publication bias was present, the funnel plot was inspected for asymmetry. This technique determines whether there was a significant risk of bias, and controls for that risk by imputing values to correct for the bias (Begg, 1994 ).
An initial meta-analysis on the effects of emotional photographs of faces, regardless of expression type, was run to determine an overall effect of OT on emotion recognition, followed by moderator analyses to determine whether OT has an impact on specific expressions. A second moderator analysis was conducted to determine whether OTs impact on the recognition of emotions was moderated by implicit or explicit presentation of stimuli. The threshold between conscious and nonconscious perception was set at 300 ms on the basis of previous literature (Del Cul et al, 2007) .
RESULTS
OT facilitated emotion recognition regardless of facial expression type (g ¼ 0.291, po0.001, 95% CI: 0.154, 0.429), an effect associated with a small effect size. Inspection of symmetry in the funnel plot of standard error by Hedges' g revealed no evidence of a significant publication bias, nor was there any indication of study heterogeneity (Q (df ¼ 13) ¼ 15.361, p40.05).
Moderation by Emotion Type
A moderator analysis was conducted on facial expression type to determine whether the OT differentially impacts on the recognition of specific facial expressions. OT facilitated the recognition of all facial expressions; however, the effects of happy and fearful faces displayed statistically significant effects relative to placebo, see Figure 2 .
Meta-analysis revealed significant effects of OT on emotion recognition of happy faces (n ¼ 5, g ¼ 0.290, p ¼ 0.019, 95% CI: 0.047, 0.533) and fearful faces (n ¼ 1, g ¼ 0.591, p ¼ 0.044, 95% CI: 0.016, 1.166), while trend level effects of OT were observed for the recognition accuracy of angry (n ¼ 5, g ¼ 0.210, p ¼ 0.059, 95% CI: À 0.008, 0.428) and sad (n ¼ 1, g ¼ 0.471, p ¼ 0.075, 95% CI: -0.048, 0.991) facial expressions (see Table 2 ). The impact of OT on faces in which multiple expressions were presented and emotion type was not differentiated (n ¼ 2, g ¼ 0.343, p ¼ 0.308, 95% CI: À 0.316, 1.002) were not significant (see Table 1 ). Eighty-five percent CIs were overlapping and inspection of heterogeneity Q-statistic for pairwise comparisons of all facial expression categories was nonsignificant (p40.05).
Moderation by Implicit or Explicit Presentation
Moderator analyses revealed that emotion recognition in both implicit and explicit presentations were significant (n ¼ 8, g ¼ 0.240, p ¼ 0.007, 95% CI: 0.064, 0.415 and n ¼ 5, g ¼ 0.459, po0.001, 95% CI: 0.227, 0.640, respectively). Furthermore, a significant Q-statistic indicated that these categories did not differ from one another (p40.05). When grouping each of the effect sizes by emotion and further categorizing as explicit or implicit recognition, the implicit recognition of anger (n ¼ 2, g ¼ 0.435, p ¼ 0.002, 95% CI: 0.160, 0.710), happiness (n ¼ 3, g ¼ 0.447, p ¼ 0.009, 95% CI: 0.114, 0.781), and combined emotions (n ¼ 1, g ¼ 0.673, p ¼ 0.013, 95% CI: 0.141, 1.204) were significant along with the explicit recognition of fear (n ¼ 1, g ¼ 0.591, p ¼ 0.044, 95% CI: 0.016, 1.166), see Table 3 . There were no statistics for the implicit presentation of fear or sadness, so we were not able to conduct these comparisons; however, aside from these, all unmentioned groupings and comparisons were nonsignificant (p40.05).
DISCUSSION
This study demonstrates that OT nasal spray enhances the human capacity to recognize basic facial expressions of Participants were exposed to an angry, happy, or neutral face was presented for 18, 35, or 53 ms, followed by a ''mask' showing a neutral face. Participants were explicitly informed that two facial stimuli would always appear in each trial, although they might only perceive one. Before each block, an instruction was given regarding the target emotion in the following trials. Following each targetmask pair, participants had 3 s to indicate whether the target emotion was present or absent (four blocks angry present/ absent and four blocks happy present/ absent). Images were taken from the Karolinska Directed Emotional Faces series Subjects administered oxytocin showed enhanced recognition memory. Effect of oxytocin on emotion recognition was more pronounced for happy than angry faces
Participants were given only 3 s to respond, is this enough or may pressure have affect their ability to focus?
emotion, an effect associated with small effect size (g ¼ 0.291). Additional analyses of specific emotion expressions revealed that OT enhanced the recognition of happy and fearful facial expressions. The impact of OT on the recognition of angry and sad faces was at trend levels for the overall analyses. We then examined whether OT facilitated the recognition of face expressions under implicit (o300 ms) and explicit (4300 ms) presentation conditions (Del Cul et al, 2007) . Results showed that under implicit recognition conditions, OT enhanced recognition of happy and angry expressions. Under longer durations of exposure, OT was found to enhance the recognition of fear expressions only. The results of this study further support the view that OT nasal spray improves the facial recognition of emotion in humans. We found that OT enhances overall recognition accuracy, with effects for happy and fear faces specifically. The capacity for OT to improve emotion understanding, and the recognition of fear and happiness in particular, may Meta-analysis: OT on recognition of basic emotions S Shahrestani et al have important benefits to social engagement (Kemp and Guastella, 2011) . Robust associations have been observed between antisocial behavior and impaired recognition of fearful expressions in particular (Marsh and Blair, 2008) . It has been argued that the ability to recognize fear enables one to appreciate the pain and mental experience of others, and is therefore more likely to reduce antisocial tendencies (Marsh and Blair, 2008) . This ability has also been linked experimentally to prosocial behavior (Marsh et al, 2007; Kirsch et al, 2005) . Similarly, socially anxious individuals are more likely to interpret facial expressions in a negative manner contributing to both negative self-images and social avoidance (Garner et al, 2009; Guastella et al, 2009 ). Further research is now required to determine links between improvements in face recognition from OT and subsequent behavioral outcomes associated with reducing aggressive behavior and anxiety/avoidance in social situations. In light of recent evidence revealing that OT improves social cognition in individuals with frontotemporal dementia relative to baseline (Jesso et al, 2011) , there may also be implications for the use of OT in disorders of neuropsychological deficit.
The findings from this study also suggest that the previously observed inconsistent results in this field may be partially associated with stimuli exposure duration. Happy and angry face expressions are more efficiently recognized in humans and require less time for processing (Hess et al, 1997; Leppänen and Hietanen, 2004; Fox et al, 2000) . OT appears to further improve this fast recognition process in humans below the threshold of conscious awareness (Schulze et al, 2011) . Implicit recognition is associated with the amygdalohippocampal junction, an important part of the limbic system (Critchley et al, 2000) . Accumulating evidence points to OT as a particularly important hormone within this system (Insel and Young, 2000) .
For facial expressions that may require more time to recognize, the facilitating effects of OT administration may be more likely at later stages of recognition processing. The present meta-analysis demonstrated significant effects on fear faces at the longer exposure duration. We note, however, that the weighted effect size obtained for fear was recovered from only one study. Further studies are therefore required across all of the basic emotions of facial expressions at short and long duration intervals to further gather data on this issue.
There is growing recognition for the need to develop robust markers of response to OT nasal spray, to determine when an individual is likely to respond favorably for longer-term therapeutic purposes (Guastella and Macleod, 2012) . The results here support the view that enhanced capacity for face recognition, especially for happy or fearful faces, may provide a useful marker. To further improve our understanding of the impact of OT on face recognition, we suggest the following directions for future research and recommendations for implementation:
First, we suggest that future studies need to assess emotion recognition across all basic emotion expressions. While studies have primarily focused on happy and angry faces as being representative of the positive and negative facial expressions, there is limited data on effects across all basic emotions. The field has now progressed beyond simple positive vs negative single expression comparisons. Future research is required employing stimuli across the range of basic emotions of facial expression.
Second, research is needed to differentiate and assess both fast and longer exposure latencies. This meta-analysis suggests that exposure latencies of stimuli influence outcome. Timing (eg, pre-conscious, implicit presentations) of exposure needs to be incorporated into designs. Third, researchers need to use standardized full-faced photographs from established databases of emotion. Where the aim is to understand the effects on facial emotion recognition, preference could be given to full-faced photos given these stimuli are well validated for this purpose. Consideration also needs to be given to stimuli brightness and contrast, head size, hair cut and color, skin color and the presence of accessories (Gronenschild and Smeets, 2009) . Fourth, more research is needed to assess mechanisms underlying emotion recognition enhancement of OT. Evaluation of the influence of OT on identity recognition (Calder and Young, 2005) , independent of emotion decoding, is required. Studies could explore how OT influence holistic vs featural processing Andari et al, 2010 , recognition of expression intensity, or authentic vs posed expressions. In addition, evaluation of emotion recognition in the context of other more traditional neuropsychological measures is required. Factors such as intelligence, attention, verbal ability, and task-specific motivation have all been associated with facial recognition performance (Marsh and Blair, 2008) .
Finally, if these tests are to provide reliable markers of response to oxytocin administration, then systematic evaluation of dose and response to drug is required. Almost all of the studies testing emotion recognition in healthy samples have administered the standard dose of 24 IU. Systematic evaluation of how response changes according to dose and other measurable factors that influence bioavailability of nasal administration is required (Guastella et al, 2013) . These changes should be evaluated in the context of a range of other variables thought to mark response to OT, such as heart rate variability (Kemp et al, 2012) .
There are a number of limitations to the current metaanalysis. First, behavioral measures of rating each emotion differed across studies. Some studies used a multiple-choice format (Lischke et al, 2012; Marsh et al, 2010) , while others used a cue-response format (Ellenbogen et al, 2012; Schulze et al, 2011) , or ratings on a binary scale (Leknes et al, 2012) . Second, while the meta-analysis weighted the effect size obtained for fear against other extracted effect sizes according to sample size, as discussed above, the effect size for fear was based on only one study. As such, further research must be conducted to support this obtained result.
Overall the results of this quantitative synthesis indicate that, from the current available data, the enhancement of emotion recognition by OT is driven by improved perception of fearful and happy facial expressions. Findings also point to the need for further research to corroborate findings in the emotions of disgust and surprise. The results of this quantitative synthesis suggest the potential of OT to be an effective treatment for deficits in the recognition of emotions. Specifically, patients with disorders such as schizophrenia, antisocial disorders, and social anxiety may receive some benefit from the improvement in processing of fear and happy emotions in faces following OT administration. Further, improving one's ability to understand emotion in another's face is likely to facilitate understanding of the intentions, desires, and mental states of others.
